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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to
devices for controlling the flow of fluids. More specifi-
cally, the present invention relates to fluid delivery
devices.
[0002] It is known in the medical industry to admin-
ister to a patient a fluid. The fluid can be administered
parenterally or enterally to the patient. Examples of
some parenteral fluids include blood and blood frac-
tions, sugar, electrolytes, osmotic solutions, and nutri-
ent preparations. Many beneficial and therapeutic
agents are delivered parenterally to avoid the digestive
tract and liver.
[0003] Of course, it is known to administer directly
to a patient an intravenous fluid through a drip method.
To this end, an intravenous container or bag is coupled
to a patient by use of a fluid conduit or tube that termi-
nates in a needle. The needle is inserted in the patient
and the bag is hung at an elevated position. Fluid then
flows from the container into the patient.
[0004] A number of devices are utilized in order to
control the fluid flow into the patient. These fluid flow
devices can include a roller clamp which is used to
restrict the diameter of the tube limiting the fluid flow
through the tube into the patient.
[0005] In many situations and with certain drugs, it
is necessary to exactly regulate and control the flow of
drug into the patient. With certain drugs and/or patients,
if the flow rate of the drugs is not accurately controlled,
a beneficial agent can have severe adverse conse-
quences on a patient. In these situations, it is not possi-
ble merely to allow the fluid to flow directly from the
container into the patient, but rather, some type of
infuser mechanism is necessary.
[0006] A number of such infusers are known. For
example, it is known to use infusion pumps, that may
include a peristaltic pump, to control the flow of the fluid
through the conduit to the patient.
[0007] It is also known to utilize with infusion pumps
manually actuated devices that must be manually con-
trolled in order to regulate fluid flow into the patient.
[0008] Document US-A-4210173 discloses a fluid
control device providing for selective communication
between two fluid sources in a patient through the use
of a multiple diaphraghm system.

SUMMARY OF THE INVENTION

[0009] The present invention provides a fluid control
device. In an embodiment, the device of the present
invention, allows fluid to flow from a fluid source,
through a first fluid pathway into a delivery means and
then from the delivery means into a patient via a second
fluid pathway. The device automatically opens and
closes the necessary fluid pathways to prevent: a

reverse flow of fluid from the patient into the delivery
means; a reverse flow of fluid from the delivery means
into the fluid source; a reverse flow of fluid from the
patient into the fluid source; and a direct flow of fluid
from the fluid source into the patient.

[0010] To this end, the present invention provides a
delivery device comprising a fluid source coupled to a
body having a first opening. A delivery means is pro-
vided including means for creating a vacuum pressure,
to allow the delivery means to receive a fluid, and for
creating a positive pressure, to expel a fluid from the
delivery means, the delivery means is coupled to the
body at a second opening of the body. The body
includes a third opening that can be coupled to a fluid
conduit for allowing the fluid to be delivered to a patient.
[0011] The body defines an interior having a first
fluid pathway from the first opening to the second open-
ing and a second fluid pathway from the second open-
ing to the third opening. The body includes valve means
that closes both the first and second fluid pathways in a
first static position. Upon the exertion of a positive pres-
sure by the delivery means, the valve means opens the
second fluid pathway while maintaining the first fluid
pathway in a closed position. In response to a vacuum
pressure, created by the delivery means, the valve
means opens the first fluid pathway and maintains the
second fluid pathway in a closed position.
[0012] The construction of the body and valve
means allows fluid to be received by the delivery means
and administered to a patient. However, the device also
prevents the "no flow" situations set forth above.
[0013] In an embodiment, a drug delivery device is
provided comprising a motor driven syringe, including a
barrel and a means for creating a vacuum pressure, to
suck fluid into the barrel, and for expelling fluid from the
barrel. A body is provided including a first opening, a
second opening, and a third opening, the interior of the
body defining a first fluid pathway from the first opening
to the second opening and a second fluid pathway from
the second opening to the third opening. The motor
driven syringe is coupled to the second opening. A fluid
source is coupled to the first opening. A fluid conduit is
coupled to the third opening for allowing the device to
deliver product to a patient. The first and second fluid
pathways are defined in part by walls that define a cen-
tral cavity and a diaphragm located therein. The dia-
phragm closing both the first and second fluid pathways
when it is in a first, static position and opening the first
pathway when the motor driven syringe creates a vac-
uum pressure, while maintaining the second pathway in
a closed position. When the motor driven syringe cre-
ates a positive pressure, the second fluid pathway is
opened while the first fluid pathway is maintained in a
closed position.
[0014] The present invention allows decreased
drug delivery pressures to be utilized to deliver product
to a patient than used in some prior devices. Further,
the present invention allows an increase in the direct
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bag to patient delivery to greater than the bag burst
strength. Further, the present invention decreases
syringe fill pressures so as to reduce nurse fatigue.

[0015] As discussed in detail below, the present
invention provides a new valve employing a diaphragm
that acts as a switching device. Pursuant to the present
invention, either the syringe can accept medication from
a fluid source or can deliver medication to the patient. At
no time can medication pass from the fluid source to the
syringe to the patient in any direction or combination,
unless the syringe is activated. The syringe is the only
activation device. Neither the fluid source nor the patient
can cause medication flow.
[0016] Additional features and advantages of the
present invention are described in, and will be apparent
from, the detailed description of the presently preferred
embodiments and from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Figure 1 illustrates a cross-sectional, schematic
view, of the device of the present invention in a first
static position.
Figure 2 illustrates a cross-sectional view of the
device of Figure 1 in a syringe fill position.
Figure 3 illustrates a cross-sectional view of the
device of Figure 1 in a patient delivery mode.

DETAILED DESCRIPTION OF THE PRESENTLY PRE-
FERRED EMBODIMENTS

[0018] The present invention provides an automatic
delivery system as defined by the appended claims.
The system allows medication to be drawn into a
syringe, or infusion pump, automatically upon the crea-
tion of a vacuum, e.g., by pulling outwardly the plunger.
Upon expelling the fluid from the syringe, or pump, e.g.,
pushing the plunger in, the system allows the medica-
tion to be delivered to the patient. Automatic means are
provided by the present invention which do not require
buttons or levers to be actuated to switch from a syringe
load to a syringe deliver mechanism.
[0019] Although, as described in the presently pre-
ferred embodiment, a motor driven syringe is used to
deliver the medication to a patient, other delivery means
can be utilized, e.g., an infusion pump. Such means
merely need to create a vacuum and then to exert a suf-
ficient force to force the fluid contained within the deliv-
ery means through a fluid line into a patient.
[0020] Additionally, although as set forth in detail
below, a preferred embodiment of the present invention
is for use in delivering medical fluid to a patient, the
present invention can be used to deliver most any fluid
in a variety of fields. Furthermore, the present invention
can also be used to control fluid flow, i.e., as a valve
switch, and need not be limited to a fluid delivery device.

[0021] Referring now to the Figures, as illustrated in
Figure 1, the device 10 is utilized to deliver a fluid 11
contained within, for example, a bag 12 to a patient.
This fluid can be a drug or fluid that is to be adminis-
tered directly to a patient, admixed with another fluid or
drug, or used for reconstituting a powdered drug.

[0022] Because the device 10 in the illustrated
embodiment is designed to be used as a device for
accurately delivering drugs or fluid to a patient, there
are four required "no-flow" conditions that must be met
by the device:

1) there can be no reverse flow of fluid from the
patient into the delivery means (e.g., syringe);
2) there can be no reverse flow of fluid from the
delivery means into the fluid source (e.g., bag);
3) there can be no reverse flow of fluid from the
patient into the fluid source; and
4) there can be no direct flow of fluid from the fluid
source into the patient.

[0023] The device 10 of the present invention fulfills
all of the above requirements.
[0024] To this end, the device provides a body 14
that in addition to being coupled to a fluid source 12, is
also coupled to a delivery means, in the illustrated
embodiment, a motor driven syringe 16, and a patient.
As discussed in detail below, the device 10 allows fluid
to be received within the motor driven syringe 16 and
expelled from the syringe 16 to the patient. In the pre-
ferred embodiment illustrated, the syringe 16 is coupled
to the body by a fluid conduit 15 and luer connector 17.
[0025] The body 14 includes a first opening 20, a
second opening 22, and a third opening 26. The first
opening 20 is coupled to the fluid source 12. In the
embodiment illustrated, the fluid source 12 is coupled to
the first opening 20 by a tubing 28 that terminates in a
luer connector 29.
[0026] When the device 10 is in the position illus-
trated in Figure 2, the first opening 20 is in fluid commu-
nication with the second opening 22 through a first flow
path 30. The first flow path 30 is defined by the first inlet
20, a portion of an internal wall 31 that defines a central
cavity 32, and a first channel 34 that terminates in juxta-
position to the second inlet 22. Additionally, a dia-
phragm member 36 located in the central cavity 32, and
specifically a top portion 37 thereof, defines, in part, the
first fluid flow path 30.
[0027] As illustrated, the first channel 34 includes
an extended portion that is essentially a truncated tube
38 including an opening 39 that extends into an upper
portion 40 of the central cavity 32. In the static position
of the device illustrated in Figure 1, i.e., when no pres-
sure (either positive or negative) is being exerted by the
syringe 16, the first flow path 30 is closed. This is due to
the diaphragm member 36 that is biased against the
opening 39 of the truncated tube 38.
[0028] The body 14 also defines a second fluid flow
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path 42 from the second opening 22 to the third opening
26; the third opening 26 functions as an outlet. The sec-
ond fluid flow path 42 is defined, in part, by a second
channel member 44, the interior wall 45 of the body that
defines a lower section 46 of the central cavity 32, and
a bottom 48 of the diaphragm member 36.

[0029] As illustrated, the third opening 26 includes
an extended channel 47 extending from the third open-
ing 26 into the lower section 46 of the central cavity 32.
The channel 47 defines a second truncated tube 49 that
terminates in an opening 50. In the static position, illus-
trated in Figure 1, the diaphragm 36 also closes the
opening 50 of the second truncated tube 49.
[0030] In the static position, the syringe 16 is not
exerting either a vacuum or positive pressure. In the
static position, fluid flow is prevented from the fluid
source 12 to either the syringe 16 or patient. Likewise,
fluid flow is prevented from the syringe 16 to the patient
or the fluid source 12.
[0031] As illustrated in Figure 1, a fluid conduit or
tube 52 extends from the third opening 26 to a patient
(not shown). The fluid conduit 52 can terminate in a
needle 54 to allow the fluid to be intravenously adminis-
tered to a patient. In an embodiment, the fluid conduit
52 includes a duckbill valve 56 to prevent fluid from flow-
ing from an interior 58 of the fluid conduit 52 into the
body 14. The duckbill valve 56 functions as a one way
valve to allow fluid to flow from the device 10 to a patient
and not vice versa. The one way valve, if desired, can
be located at other positions in the device, for example,
in the second channel member 44.
[0032] Referring now to Figure 2, the motor driven
syringe 16, or delivery means, fill position is illustrated.
As illustrated, a vacuum force is being exerted by the
syringe 16. To this end, the plunger member 60 is pulled
in a direction (indicated by the arrow) out of the barrel
62 creating a suction force. Due to the construction of
the body 14, the suction force pulls the diaphragm 36
down. This opens the first fluid pathway 30, causing
fluid flow as indicated by the arrow, while maintaining
the second fluid pathway 42 in a closed position.
[0033] The diaphragm 36 provides an automatic
valve means in response to the pressure exerted by the
syringe 16 due to the body 14. To this end, the dia-
phragm 36 is constructed from an elastomer. Any
number of medical grade elastomers can be used. Pref-
erably, the material has a durometer reading in the
range of 10-60 Shore A. It has been found that a sili-
cone available from Dow Chemical under the designa-
tion Q7-4840 functions satisfactorily.
[0034] The thickness of the diaphragm 36 can vary.
Preferably the thickness is in the range of approximately
1.016 mm (0.04 inches) to 5.08 mm (0.2 inches). A
thickness of 2.54 mm (0.1 inch) has been found to func-
tion satisfactorily.
[0035] Further, although the diaphragm 36 can be
almost any shape, in the illustrated embodiment, the
diaphragm is a circle having a 25.4 mm (1 inch) diame-

ter. Correspondingly, the openings 39 and 59 have an
approximately 2.54 mm (0.1 inch) diameter.

[0036] To create the automatic valve means in
response to the pressure of the syringe 16, the interior
of the body 14 is constructed so that a greater surface
area of the bottom 48 of the diaphragm member 36 is
exposed to the pressure exerted by the syringe 16, or
other pump means, than a top portion 37 of the dia-
phragm member 36.
[0037] The inventors believe that the total surface
area of the bottom 48 of the diaphragm 36 vis-a-vis the
surface area of the top 37 of the diaphragm exposed to
the pressure exerted by the syringe, needs only to be
greater, in certain circumstances, in order to achieve the
automatic valve means. The ratio will depend on the
thicknesses of the diaphragm 36, the elastic character-
istics of the diaphragm 36, and the fluid used. Prefera-
bly, the ratio of surface areas exposed to fluid
communication with the delivery means is at least 2 to
1.
[0038] In the preferred embodiment illustrated, only
a small portion of the top 37 of the diaphragm 36, that
portion that covers the first truncated tube 38, is in fluid
communication with the syringe 16 when the diaphragm
36 is in the static position. In contrast, substantially the
entire surface area of the bottom portion 48 of the dia-
phragm 36, except the portion 63 that covers the open-
ing 50 of the second truncated tube 48, is in fluid
communication with the syringe 16 when the device 10
is in the static position.
[0039] Due to the construction of the device 10,
even a minimal vacuum force will cause the diaphragm
36 to move downwardly, opening the first fluid flow path
30. Likewise, even a minimal pressure exerted by the
syringe 16 will cause the second fluid flow path 42 to
open. In the preferred embodiment illustrated, it has
been found that a 100/1 ratio of the bottom portion 48 of
the diaphragm 36 to the top portion 37 of the diaphragm
36 that is in fluid communication with the syringe 16
when it is in a static position, functions satisfactorily.
However, a greater or lesser surface area ratio can be
used.
[0040] As illustrated in Figure 2, when the first fluid
flow path 30 is opened, fluid can be pulled from the bag
12 into the syringe 16. At the same time, however, the
diaphragm 36 closes the second fluid path 42. This pre-
vents any fluid from directly flowing from the bag 12 into
the patient.
[0041] Figure 3 illustrates the patient delivery mode
of the device 10 of the present invention. In this mode,
the motor driven syringe 16 creates a positive pressure
by the plunger 60 being forced into the barrel 62 of the
syringe causing fluid to flow into the body 14 and specif-
ically into the first channel 34 and second channel 44.
Again, due to the larger surface area of the bottom por-
tion 48 of the diaphragm 36 that is exposed to fluid com-
munication with the fluid expelled from the motor driven
syringe 16, the diaphragm member 36 is forced
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upwardly continuing to seal off the first fluid flow path-
way 30 while opening the second fluid flow pathway 42.

[0042] In the patient delivery mode, fluid can flow
(as indicated by the arrow) through the second fluid flow
pathway 42 from the syringe 16 into the fluid delivery
conduit 52 and thereby the patient. The device 10
allows sufficient pressure to be exerted by the motor
driven syringe 16 to overcome the duckbill valve 56. In
some infusion devices, the pressure necessary to over-
come a one-way valve located between a device and
the patient is too great causing the infusion pump alarm
to activate and the pump to stop drug delivery. The
present invention overcomes this difficulty.
[0043] Accordingly, the present invention provides a
device that automatically chooses the correct fluid flow
pathway to insure that the motor driven syringe 16 can
be filled without a patient receiving fluid directly from the
bag 12 and allows the fluid to be infused into a patient
without infusing the fluid back into the bag.
[0044] It should be understood that various
changes and modifications to the presently preferred
embodiments described herein will be apparent to
those skilled in the art. Such changes and modifications
can be made without departing from the scope of the
present invention and without diminishing its attendant
advantages. It is therefore intended that such changes
and modifications be covered by the appended claims.

Claims

1. A fluid control device (10) for coupling to:

a fluid source (12),
a delivery means (16) comprising means for
creating a vacuum pressure and a positive
pressure (60) and a member (62) for receiving
a fluid (11), and
a fluid conduit (52),
said device comprising:
a manifold (14) having a first opening (20) for
coupling to the fluid source, a second opening
(22) for coupling to the delivery means and a
third opening (26) for coupling to the fluid con-
duit, the manifold defining in an interior thereof
a first fluid path (30) from the first opening to
the second opening, and a second fluid path
(42) from the second opening to the third open-
ing, characterized in that the manifold includes
a single diaphragm (36) for fluidly closing both
the first fluid path and the second fluid path
when it is in a first static position, for allowing
fluid flow through the first fluid path upon the
exertion of vacuum pressure by the delivery
means and for allowing fluid flow through the
second fluid path upon the exertion of positive
pressure by the delivery means.

2. The fluid control device of Claim 1, wherein the

delivery means includes a syringe.

3. The fluid control device of Claim 1, wherein the fluid
conduit includes a one way valve (56).

4. The fluid control device of Claim 1, wherein the dia-
phragm includes a top surface (37) and a bottom
surface (48), the manifold being constructed such
that the bottom surface exposed to a vacuum pro-
vided by the vacuum creating means is greater than
the surface exposed to that same vacuum.

5. The fluid control device of Claim 1, wherein the dia-
phragm includes a top surface (37) and a bottom
surface (48) and the interior of the manifold is con-
structed so that a greater surface area of the bot-
tom surface can be exposed to the pressure
exerted by the delivery means than the top surface.

Patentansprüche

1. Fluidsteuerungsvorrichtung (10) zum Anschluß an:

- eine Fluidquelle (12),
- eine Abgabeeinrichtung (16), die eine Einrich-
tung zum Erzeugen eines Unterdrucks und
eines positiven Drucks (60) und ein Element
(62) zur Aufnahme eines Fluids (11) aufweist,
und
- eine Fluidleitung (52),
wobei die Vorrichtung folgendes aufweist:
einen Verteiler (14), der eine erste Öffnung (20)
zum Anschluß an die Fluidquelle, eine zweite
Öffnung (22) zum Anschluß an die Abgabeein-
richtung und eine dritte Öffnung (26) zum
Anschluß an die Fluidleitung hat, wobei der
Verteiler in einem Innenraum davon eine erste
Fluidbahn (30) von der ersten Öffnung zu der
zweiten Öffnung und eine zweite Fluidbahn
(42) von der zweiten Öffnung zu der dritten Öff-
nung bildet,
dadurch gekennzeichnet,
daß der Verteiler eine einzige Membran (36)
aufweist, um sowohl die erste Fluidbahn als
auch die zweite Fluidbahn fluidmäßig zu ver-
schließen, wenn sie in einer ersten statischen
Position ist, um einen Fluiddurchfluß durch die
erste Fluidbahn bei Aufbringen von Unterdruck
durch die Abgabeeinrichtung zu ermöglichen
und um einen Fluiddurchfluß durch die zweite
Fluidbahn bei Aufbringen von positivem Druck
durch die Abgabeeinrichtung zu ermöglichen.

2. Fluidsteuerungsvorrichtung nach Anspruch 1,
wobei die Abgabeeinrichtung eine Spritze aufweist.

3. Fluidsteuerungsvorrichtung nach Anspruch 1,
wobei die Fluidleitung ein Einwegventil (56) auf-

7 8

5

10

15

20

25

30

35

40

45

50

55



EP 0 562 246 B1

6

weist.

4. Fluidsteuerungsvorrichtung nach Anspruch 1,
wobei die Membran eine obere Oberfläche (37) und
eine untere Oberfläche (48) aufweist und wobei der
Verteiler so ausgebildet ist, daß die untere Oberflä-
che, die einem von der Unterdruckerzeugungsein-
richtung erzeugten Unterdruck ausgesetzt ist,
größer als die Oberfläche ist, die diesem gleichen
Unterdruck ausgesetzt ist.

5. Fluidsteuerungsvorrichtung nach Anspruch 1,
wobei die Membran eine obere Oberfläche (37) und
eine untere Oberfläche (48) aufweist und der
Innenraum des Verteilers so ausgebildet ist, daß
ein größerer Oberflächenbereich der unteren Ober-
fläche als der der oberen Oberfläche dem von der
Abgabeeinrichtung aufgebrachten Druck ausge-
setzt werden kann.

Revendications

1. Dispositif de commande de fluide (10) destiné à
être couplé avec:

une source de fluide (12),
un moyen d'administration (16) comprenant un
moyen destiné à créer une dépression et une
surpression (60) et un élément (62) destiné à
recevoir un fluide (11), et
un conduit de fluide (52),
ledit dispositif comprenant:
un collecteur (14) présentant une première
ouverture (20) destinée à assurer le couplage
à la source de fluide, une deuxième ouverture
(22) destinée à assurer le couplage au moyen
d'administration et une troisième ouverture
(26) destinée à assurer le couplage au conduit
de fluide, le collecteur définissant à l'intérieur
de lui-même, un premier trajet de fluide (30)
depuis la première ouverture vers la deuxième
ouverture, et un second trajet de fluide (42)
depuis la deuxième ouverture vers la troisième
ouverture, caractérisé en ce que le collecteur
comprend une seule membrane (36) destinée
à fermer de manière hydraulique à la fois le
premier trajet de fluide et le second trajet de
fluide lorsqu'elle est dans une première posi-
tion statique, à assurer l'écoulement de fluide à
travers le premier trajet de fluide lorsqu'une
dépression est exercée par le moyen d'admi-
nistration et à assurer l'écoulement de fluide à
travers le second trajet de fluide lorsqu'une

surpression est exercée par le moyen d'administra-
tion.

2. Dispositif de commande de fluide selon la revendi-

cation 1, dans lequel le moyen d'administration
comprend une seringue.

3. Dispositif de commande de fluide selon la revendi-
cation 1, dans lequel le conduit de fluide comprend
une vanne unidirectionnelle (56).

4. Dispositif de commande de fluide selon la revendi-
cation 1, dans lequel la membrane comprend une
surface supérieure (37) et une surface inférieure
(48), le collecteur étant construit de telle sorte que
la surface inférieure soumise au vide assuré par le
moyen de production de vide est supérieure à la
surface supérieure soumise à ce même vide.

5. Dispositif de commande de fluide selon la revendi-
cation 1, dans lequel la membrane comprend une
surface supérieure (37) et une surface inférieure
(48), et dans lequel l'intérieur du collecteur est
construit de telle sorte qu'une zone de surface de la
surface inférieure, qui est supérieure à la surface
supérieure, peut être soumise à la pression exer-
cée par le moyen d'administration.
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